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(71) We, Dragerwerk 
Aktiengesellschaft, a German company, 
of Moislinger Allee 53/55, 2400 Lubeck, 
Germany, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following 
statement : — 

10 According to one aspect of the present 
invention, there is provided a method of 
operating a cryomedical apparatus com- 
prising supplying cold fluid to a cold-in- 
ducing tip of a probe of the apparatus to 

15 cool said tip, and subsequently supplying 
hot gas to said tip to heat said tip, said 
cold fluid being a liquid, and the supplying 
of said hot gas comprising leading the cold 
fluid in a gaseous phase to heating means, 

20 heating said cold fluid in a gaseous phase, 
and leading the hot gas produced to said 
tip. 

According to another aspect of the pres- 
ent invention, there is provided a 

25 cryomedical apparatus, comprising a probe 
including a cold-inducing tip, and supply 
means connected to said probe and oper- 
able to supply cold fluid to said tip to cool 
said tip and subsequently to supply hot 

30 gas to said tip to heat said tip, said supply 
means comprising hot gas supply conduit 
means, a valve arranged to control the 
flow of said hot gas along said conduit 
means, a container for containing said cold 

35 fluid in a liquid phase and in a gaseous 
phase, and heating means for heating said 
cold fluid in said gaseous phase to produce 
said hot gas. said conduit means leading 
from a top part of said container. 

40 An advantage of the invention is that 
there is no need for a separate gas source, 
i.e. a source additional to the liquid re- 
frigerant. Since the heating of the tip of 
the probe is only required for a short per- 

45 iod, the consumption of gas from the re- 
frigerant is minimal. 

Moreover, the provision of an electrical 
heating device in the region of the tip of 
the probe is not necessary, so that the risk 

50 of electrical shocks or burning effects on 



body tissue is avoided. The present in- 
vention is applicable to various types of 
probe, independently of the way in which 
cold is produced. 

In an advantageous constructional form, 55 
the hot gas- supply conduit means opens 
into a refrigerant supply duct. This kind of 
construction has been found particularly 
simple and advantageous. 

In order that the invention may be 60 
clearly understood and readily carried' into 
effect, reference will now be made, by way 
of example, to the accompanying drawings, 
in which: — 

Figures 1 and 2 show a diagrammatic, 65 
longitudinal sectional view, and a section 
taken on the line IMI of Figure 1, re- 
spectively, through a cryomedical appar- 
atus, 

Figures 3 and 4 show fragmentary views, 70 
otherwise similar to Figures 1 and 2, re- 
spectively, of a modified version of the ap- 
paratus, 

Figures 5 and 6 show views similar to 
Figures 3 and 4. respectively, of another 75 
modified embodiment of the apparatus, 
and 

Figures 7 and 8 show views similar to 
Figure 3 of respective further modified ver- 
sions of the apparatus. 80 

The cryomedical apparatus which is 
shown in Figure 1 comprises a closed, 
vacuum-insulated, storage container 1 for a 
liquid refrigerant, flexible supply tubing 2 
for the supply and discharge of the re- 85 
frigerant, a probe 3 securely connected to 
the flexible tubing 2 and having a cold- 
inducing tip 4, and a control and monitor- 
ing unit 5. 

The storage container 1 with the re- 90 
frigerant forms by natural evaporation a 
gaseous cushion 6 at a positive pressure. 
On opening of an electromagnetic valve 7 
positioned in the bottom part of the 
storage container 1, the refrigerant flows 95 
through a supply duct S into the cold-in- 
ducing part 4 of the probe 3, where the 
liquid evaporates, produces cold in so 
doing, and is discharged as cold gas 
through a return duct 9, the cold gas es- 100 
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caping. into the ambient atmosphere 
through an electro-magnetic valve 10. The 
return duct 9 is formed by the supply duct 
8 and a flexible tube 11 encircling the duct 
3 8 coaxially. 

At the same time, refrigerant in its 
gaseous phase is discharged from the 
cushion 6 in the top part of the storage 
container 1 through a conduit 12 and is 

10 heated by a heating element 13 the tem- 
perature of which is monitored by means 
of a thermostat 14. The hot gas passes 
through a conduit 15 into an annular 
jacket 16 which is formed by the tube LI 

15 and an external cylindrical wall 17. This 
jacket 16 is_provided longitudinally with par- 
tition walls .18 which terminate just short 
of the right-hand end of the jacket luS in 
Figure 1, so that the hot gas, entering in 

20 the region of the left-hand end of the 
jacket 16, flows through one half of the 
jacket 1-6 from the storage container 1 
through 12, 13 and 15 to the tip 4 and 
then through" the other half of the jacket 

25 16 from the tip 4 to the valve 10. In this 
way the external walls 17 of the tubing 2 
and of the non-cold-inducing part of the 
probe 3 are held at ambient temperature. 
The partition walls 1*8 are shown only in 

30 Figure 2. 

When the cold-inducing process is to be 
ended, the electromagnetic valve 7 is 
closed. As a result the flow of liquid re- 
frigerant into the tip 4 of the probe 3 is 

35 stopped. To heat the tip 4 of the probe 3, 
an electromagnetic ' valve 19 is opened, 
whereby hot gas passes through a supply 
conduit 20 directly into the tip 4 of the 
probe 3, heats the tip 4 and escapes into 

40 the ambient atmosphere through the return 
duct 9 and the electromagnetic valve 10. 
To end the heating operation, the elec> 
tromagnetic valves 10 and 19 are closed 
and as a result the hot gas supply is com- 
pletely stopped. 

In the tip 4 of the probe 3 there is 
situated a temperature sensing device 21 
the signal from which is indicated by an 
indicating instrument 22 at the control unit 

3U 5. A desired cold temperature for the tip 4 
can be preset with a control knob 23 and 
is maintained by automatic opening and 
closing of the electromagnetic valve 7. The 

55 temperature of the heating element 13 is 
monitored by the thermostat 14, the signal 
from which is indicated by an indicating 
instrument 24: Its desired value can be 
preset with a control knob 25. A further 

xn lI l dl ? atm8 inst *unient 26 indicates the state 

00 of the refrigerant in the storage container 
1. A manual switch 27 determines the 
operating state* of the apparatus and has 
two positions, for hot " and cold, re- 
spectively. In another constructional form 

*5 not illustrated,- the operating state is de- 



tennined by a foot switch. 

In the version shown in Figures 3 and 4, 
the flexible tubing 2 and the probe 3 are* 
two separate units which can be releasably 
attached together at 28. The supply duct 8 70 
for the refrigerant projects into the cold- 
inducing tip 4 of the probe 3, and the gas 
liberated in evaporation is returned 
through the return duct 9, formed by the 
duct 8 and the tube 11. The tube 11 forms 75 
with a tube 29 an annular jacket 30 
through which the hot gas flows and pre- 
vents penetration of cold to the external 
wall 17 of the tubing 2. In this jacket a 
partition wall 31 and the conduit 20 are 80 
arranged. The partition wall 31 stops short 
of the-right-hand end of the jacket 30 in 
Figure 3, so that it is ensured that hot gas 
will flow completely through the jacket At 
its right-hand end the jacket is closed. 85 
Provided for preventing penetration of cold 
to most of the external cylindrical wall 32 
of the probe 3 is a further hot gas supply 
conduit 33 which, when the flexible tubing 
2 is fitted to the probe 3. projects into an 90 
annular jacket 34 of the probe 3 which is 
bounded by the wall 32. When the flexible 
tubing 2 is fitted to the probe 3 the 
projecting end of the conduit 33 is intro- 
duced into a sealing ring 35 of the probe 95 
3. The hot gas flows through the jacket 34 
and keeps the wall 32 at ambient tem- 
perature. 

Arranged in the jacket 30 is the hot gas 
supply conduit 20 through which the hot 100 
gas for heating the tip 4 of the probe 3 
flows. This tube opens at 36 into the re- 
frigerant supply duct S. When the cold-in- 
ducing process is ended, the supply of 
liquid through the duct « is ended and hot 105 
gas is introduced' through the conduit 20 
so that the tip 4 of the probe 3 is heated! 
Both the hot gas which flows through the 
jacket 34 and also the hot gas which is 
introduced through the conduit 20 to the 110 
tip 4 of the probe 3, flow out through the 
annular duct 9. 

ja .^ he version shown in Figures 5 and 6 
differs from that shown in Figures 3 and 4 
only in that the annular jacket 30 ends as 115 
early as the point 37. In this way the an- 
nular jacket 34 for guiding the hot gas for 
the external cylindrical wall 32 is formed 
by the wall 32 itself and the tube 11. 

The embodiment shown in Figure 7 dif- 120 
lers from those shown in Figures 3 to 6 in 
that the supply duct 8 ends in a releasable 
' j f . ? further 

guiding of the 

liquid refrigerant is effected through a 
supply duct 8ft which is permanently fixed. 125 
m a manner not shown in detail, within the 
probe 3. The tube 14 which bounds the 
gas return duct 9 'also ends in a releasable 
coupling 11 £ The tube 11 Is continued bv 
a 'tube -11 ft which is arso perinaneritly fixed 130 
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to the probe 3. 

In the version shown in Figure 8 the 
heating element 13 is arranged in the re- 
gion where the flexible tubing 2 is attached 
5 to the probe 3. In this heating element 13, 
which is in the form of a gas-pervious sin- 
tered body for example, the cold gas flow- 
ing back from the cold-inducing tip 4 
through the return, duct 9 is heated. The 

10 hot gas so produced is discharged through 
an annular jacket 40 between the re- 
frigerant supply duct 8 and the external 
wall 17 of the flexible tubing 2. and keeps 
this wall at ambient temperature. The gas 

15 supply conduit which is designated 12 in 
Figure 1 and connects the gaseous cushion 
6 with the heating element 13 is extended 
in the version shown in Figure 8 through 
the tubing 2 to just beyond the heating 

20 element 13. The gas within the conduit 12 
is heated both when flawing in the jacket 
40 and also when flowing through the 
heating element 13 and, when required, is 
introduced at 36 into the supply duct 8. A 

25 further hot gas supply conduit 38 is 
provided which extends through the heat- 
ing element 13 into the right-hand end in 
Figure 8 of an annular jacket 39 formed 
by the tube 11 the wall 32. The hot gas 

30 issuing from this supply conduit 38 keeps 
the wall 32 at ambient temperature. In this 
version shown in Figure 8 the flexible tub- 
ing 2 can be made considerably thinner 
and more flexible, since no separate gas 

^ 5 discharge duct and heating jacket have to 
be provided as in the previous versions. 
With adaptation of the constructional 
elements shown in Figures 3 to 7, this ver- 
sion also may employ a releasably coupled 

40 probe. 

The apparatus described with reference 
to the accompanying drawings is also that 
described in our co-pending Patent Appli- 
cation No. 54842/73 (Serial No. 1 443070). 

WHAT WE CLAIM IS: — 

1 . A method of operating a 
cryomedical apparatus, comprising supply- 
ing a cold fluid to a cold-inducing tip of a 

50 probe of the apparatus to cool said tip, 
and subsequently supplying hot gas to said 
tip to heat said tip, said cold fluid being a 
liquid, and the supplying of said hot gas 
comprising leading the cold fluid in a 

55 gaseous phase to heating means, heating 
said cold fluid in a gaseous phase, and 
leading the hot gas produced to said tip. 

2. A method as claimed in claim 1, 
and further comprising utilizing the hot gas 

60 to prevent the cold of said cold fluid from 
penetrating to an exterior part of said ap- 
paratus. 

3. A method as claimed in claim 2, 
wherein said heating means is disposed at 

65 a region where flexible tubing carrying said 



cold fluid is attached 1 to said probe, and 
said hot gas is utilized to prevent said cold 
from penetrating to an exterior part of said 
tubing. 

4. A method as claimed in claim 1, 2, 70 
or 3, wherein said cold fluid in said 
gaseous phase is led to said heating means 
from a top part of a container containing 
said cold fluid in its liquid phase. 

5. A cryomedical apparatus, comprising 75 
a probe including a cold-inducing tip, and 
supply means connected to said probe and 
operable to supply cold fluid to said tip to 
cool said tip and subsequently to supply 
hot gas to said tip to heat said tip, said 80 
supply means comprising hot gas supply 
conduit means, a valve arranged to control 
the flow of said hot gas along said conduit 
means, a container for containing said cold 
fluid in a liquid phase and in a gaseous 85 
phase, and heating means for heating said 
cold fluid in said gaseous phase to produce 
said hot gas, said conduit means leading 
from a top part of said container. 

6. An apparatus as claimed in claim 5, 90 
wherein said supply means further com- 
prises cold fluid supply duct means, and 
said conduit means opens into said duct 
means. 

7. An apparatus as claimed in claim 5 95 
or 6, wherein said supply means further 
comprises a thermostat arranged to control 
said heating means. 

8. An apparatus as claimed in claim 5, 

6 or 7, wherein said supply means com- 100 
prises flexible tubing attached to said 
probe, and said heating means is disposed 
in the region where said tubing is attached 
to said probe. 

9. An apparatus as claimed in any one 105 
of claims 5 to 8, and further comprising 
jacket means arranged to receive said hot 

gas from said supply means and thereby to 
prevent penetration of cold from said cold 
fluid to an external part of said apparatus. 110 

10. A method of operating a 
cryomedical apparatus, substantially as 
hereinbefore described -with reference to 
Figures 1 and 2, Figures 3 and 4, Figures 5 
and 6, Figure 7. or Figure 8, of the accom- 115 
panying drawings. 
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